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INTRODUCTION
The Westinghouse Hanford Company's (WHC) Tank Waste Remediation System (TWRS) has traditionally projected double-shell tank (DST) waste storage capacity and waste volume (generation, reduction, and disposal) using deterministic techniques (Ref. 1 and 2) . A recent study (Ref. 3) evaluated the Path Forward for the 200 West Area of the Hanford Site using risk-based techniques. The results indicated that waste volume uncertainty could be significant and that a large likelihood exists that adverse conditions, such as leaks, facility upsets, and/or cross-site transfer line failure may result in the need for more free tank space than is currently projected. Based on the results of this 200 West Area risk-based study, TWRS Engineering determined that the entire DST system capacities and waste volumes (both 200 East and 200 West) should be modeled using riskbased techniques to assess risks associated with limited DST waste storage capacity.
This report describes a risk-based methodology that was developed and utilized to evaluate the waste volume versus L6T waste storage capacity. The objectives of the risk assessment were, (1) develop a risk-based waste volume versus storage capacity risk assessment process, and (2) demonstrate the risk assessment process, including the use of fallback positions. The scope of the risk assessment focused on a 20-year window (including 10 years to account for lead time for required actions) to support management decisions that might affect either the'waste volume or DST capacity.
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The following ,acceptance criteria was utilized in the analysis: The risk-based waste volume projections through the year 2015 shall be less than or equal to the storage capaciw (including handling capabilities and fallback positions) for each of the segregated waste @pes analyzed with at least a 90% conjdence level.
Risk-dominant contributors with associated uncertainty were identified for both the waste volume projections and the waste tank storage capacity for a base case and sele1:ted upset or off-normal conditions. Appropriate fallback positions (management actions) were developed that could be implemented to alleviate the impact of the risk-dominant contributors to the waste volume. 
SIMULATION MODEL

Simplified Model
The first step in the simulation study was to build a simple model that captured the essence of the problem to be considered without being overly complicated. The results of the simple model were then used to guide development of, and provide validation for, a more exacting simulation model using Minuteman Software's GPSS(') simulation computer modeling language.
One of the significant results of the simple model is that uncertainty in waste generation and waste loss information increases with time such that there is an increasing likelihood that specific action will be required in out-years to avoid having the waste volume approach available waste storage capacity. Decisions whose actions would require 8 to 10 years to implement must be made based on increasingly more uncertain information. Therefore, it is essential that uncertainty related to waste generation and waste loss information be considered in detailed sinnulation analysis.
Simulation Model
Three separate, related, models were developed for waste types that werie considered to have the greatest effect on managing future waste storage requirements. The waste lypes were: (1) high-heat, or aging waste, (2) complexed waste, and (3) all remaining waste, included as non-complexed waste.
(*)GPSS is a registered trademark of Minutemen Software, Stowl, MA.
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A simulation model was developed in GPSS to approximate the actual flow patterns existing in the 200 Area tank fums (see Figure 11 ). In summary, Figure I1 shows 200 A quarter-year time step was used to allow mid-year changes to be modeled (e.g., Evaporator
campaigns of less than a year-long duration).
Probability distributions were used instead of single-point values for waste generator and waste disposal streams. The probability distributions were based on results of interviews with operators of waste generators andor engineering judgment.
The effe'ct of equipment failures associated with the Evaporator was modeled by assuming that the evaporator feed lines failed for one year (Le., a one year mean-time-to-repair),
triggered randomly approximately 10% of the time.
RESULTS
Base Case 13esults
The results of the base case are based on completion of waste generation arid reduction activities per the Planning Baseline Tri-Party Agreement Milestones, and no component failures (except as noted).
The results of the three primary types of waste are presented below. In the following figures, the initial DST waste capacity is shown together with the modeled mean waste volume and the 10% probability that the actual waste volume would exceed the projected waste volume (is., the 90% confidence level).
The base case waste volume versus capacity as a function of time for ,aging waste is shown in The results shown in Figure IV demonstrate that the mean waste volume for complexed waste is projected to exceed the available capacity by 1996 unless two additional non-complexed waste tanks are allocated to receive complexed waste. Adding two waste tanks to receive complexed waste from the set of non-complexed waste tanks will alleviate this projected waste volume shortfall and will not result in the non-complexed waste capacity to exceed volume limits under projected conditions (see Figure V) . Because of the gradual decrease in complexed waste inventory through pretreatment Large waste volumes in the last few years of the projection window we generated by the SST retrieval and the transfer of SST sludge to vitrification. The various peaks and valleys seen toward the end of the time period are from widely varying volumes in the SST sludge sent to vitrification.
Volume reduction occurs through the major portion of the period analyzed through evaporation, pretreatment, and vitrification. The significant increase in waste volume toward the end of the period (2011 to 2015) is due to the selective focus on volume reduction using the evaporator, pretreatment, and vitrification facilities to reduce complexed and aging waste inventories. Shortly after 2015, it can be expected that some tanks currently allocated to complexed and aging waste can be released, and become available to hold non-complexed waste. Also, the volume reduction efforts involving these other two waste streams (complexed and aging waste) can then be almost entirely devoted to the reduction of non-complexed waste.
Off-Normal Scenarios
As part of the risk assessment, a series of off-normal conditions (upsets) were postulated for each of the main waste types. These off-normal conditions were developed based on data received during facility interviews, historical information available in documents, authors' knowledge of Hanford activities, and engineering judgment of uncertainties associated with programmatic issues. These off-normal simulations reflect the authors' best judgment of risks associated with programmatic and off-normal sitaitions that may alter the base case simulation input infornnation. For each of the three main waste streams (aging waste, complexed waste, and non-complexed waste), three niajor off-normal conditions were chosen that represent a variety of situations considered to dominate the list of candidate events. These off-normal conditions are listed in Table   I . Each waste stream was analyzed for three off-normal conditions that represented; (1) a major hardware loss ((tank) due to accidentally inflicted damage or a loss caused by programmatic circumstances, (2) a major programmatic disruption (delay of key activities), and (3) a major change in the volume of waste requiring storage. These off-normal conditions represent large impacts to storage capacity and waste volume and, therefore, encompass less significant off-normal conditions.
Each of the off-normal conditions was modeled and analyzed for impacts to the base case waste
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volume projections.
For the off-normal conditions that result in an unacceptable impact to the waste volume versus storage capacity projections, a fallback position was developed. These faillback positions are also listed in Table I . The off-normal condition and fallback position were analyzed to demonstrate that the adverse consequences are prevented by the fallback position.
In some cases the off-normal conditions did not require a fallback position to be developed, because the available waste capacity was not exceeded. In several cases, the off-normal condition produced a very small likelihood of exceeding the available capacity near the end of the time frame analyzed in this report. In these cases, judgment was used to decide if the potentiial problem required any near-term action, or if further analysis could wait for better data. In those cases where no near-term action was required, the results were simply noted, and no fallback position was developed
The eventual use of the proposed fallback positions is dependent on many factors. However, this study demonstrates that appropriate fallback positions can be developed to manage the risk associated with described off-normal conditions. The fallback positions shiown here are appropriate and reasonable, but are not purported to be the only fallback positions that could be appropriate to mitigate the effects of the postulated off-normal conditions included in this analysis.
CONCLUSIONS
The risk assessment methodology described in this report has been shown to be a useful tool to identify and manage the risk of exceeding the DST waste capacity for TWRS. Uncertainties in the data were considered and evaluated using appropriate probability distribution functions. The 90%
confidence that a waste volume would not exceed available capacity was used to indicate when an anticipated action should be taken to prevent limits from being exceeded.
The division of the model into three waste streams (aging waste, comhplexed waste, and noncomplexed waste) proved to be an effective method to study the effects of waste volume versus available capacity. These effects were difficult or impossible to observe using a model that combined these waste streams.
Off-normal conditions were postulated that covered a range of accidents and programmatic issues.
Fallback positions were developed that would alleviate the effects of each olK-normal condition, thus, ensuring that the waste volumes would be within available capacity. The off-normal conditions and associated fallback positions described in this report serve as plausible examples of the perturbations that can be analyzed through the use of simulation modeling techniques. The cases examined identified the sensitivity of the DST waste capacity to variations in input and output waste streams.
Finally, the effort demonstrated the usefulness of simulation modeling in iconsidering uncertainties in waste volume projections and evaluating the sensitivity of the waste volume to input parameters.
